Specific functions of biological systems often require conformational transitions of macromolecules. In binding events involving macromolecules, molecular motions provide the origin of plasticity of the binding partners. Being able to describe and predict conformational changes of biological macromolecules is important for understanding their impact on biological function and has implications for the modeling (macro)molecular complex formation. [1,2] Modeling conformational transitions of macromolecules is computationally challenging. Hence, coarse-grained approaches have emerged as efficient alternatives.
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[3] Here, we introduce a three-step approach for multi-scale modeling of macromolecular conformational changes. The first two steps are based on recent developments in rigidity and elastic network theory.
[4] Initially, static properties of the macromolecule are determined by decomposing the macromolecule into rigid clusters and flexible regions. In a second step, dynamical properties of the molecule are revealed by the rotations-translations of blocks approach (RTB) [5] using an elastic network model representation of the coarse-grained protein (termed Rigid Cluster Normal Mode Analysis). In the final step, the recently introduced idea of constrained geometric simulations of diffusive motions in proteins [6] is extended. New macromolecule conformers are generated by deforming the structure along low-energy normal mode directions predicted by RCNMA plus random direction components. The generated structures are then iteratively corrected regarding steric clashes or constraint violations. Constraints to be satisfied include torsions of the main-chain and side-chains, distances and angles due to noncovalent interactions such as hydrogen bonds or hydrophobic interactions, and bond, angle, and planarity constraints. In total, when applied iteratively, the procedure generates efficiently series of conformations, which lie preferentially in the low energy subspace of normal modes.
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